
AD-A257 353IlhhII~hIM LIIIUlhIlEzlz
TMR-0013 Reports Control Symbol
Tw OS0 - 1366

VERTICAL MOLECULAR ABSORPTION COEFFICIENT PROFILES
AND ASSOCIATED METEOROLOGICAL DATA AT THE HIGH ENERGY

LASER SYSTEMS TEST FACILITY FOR 20 AUGUST 1991

September 1992

Frank T. Kantrowitz D TIC

S 
ELECTENoV19

9 92 IJE

92-29799 ,•'i

Approved for public release; US ARMY
distrbution is unlimited. LABORATORY COMMAND

ATMOSPHERIC SCIENCES LABORATORY
White Sands Missile Range, NM 88002-5501



NOTICES

Discl aimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Govermnent
indorsement or approval of commercial products or services
referenced herein.

Destruction Notice

When this document is no longer needed, destroy it by any
method that will prevent disclosure of its contents or
reconstruction of the document.



DOCUMENTATION.PAGE " Form ApprovedREPORT ' MB No 0704-0188

P.bllc reCq ,,c Luraer for ths colec'tion of riformation q ei•wnateo to average I hour per reisone. icluding the trm for rev~rvvnmq setront IAK, r. eC,$ttfl 3.ta s,..,
gather mq and man- ,na- . the data needed, and cornpetmn and re~e•p ng the .CleClOn of mlormration Send cormneit$ re•gada g It y.s ts ie, err-alr oa anv other ad'e I cr T-
corlect~o, *)f nt-rateum nouding stogests001 'or reduorto this ouaem to Washington Heidiclanterst Services. OireCrlativ to, a 8. m n orn cie'at~on .00 Repel's 121S 'ele's.,
DaV.'% t q^' a %u.I e 1Z4 A rhnt. mo 'to , v 22024302 and t, tno 04*. -On •MnaQernemt and Budget Paper-ork Redu,,!- t' P-Clct (0O04-0188) Nash,nqI , :1 201,C O

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

ISeptember 1992 Final ______________

4. TITLE AND SUBTITLE S. FUNDING NUMBERS
Vertical Molecular Absorption Coefficient Profiles
and Associated Meteorological Data at the High Energy
Laser Systems Test Facility for 20 August 1991

6. AUTHOR(S)

Frank T. Kantrowitz TA: 65702/D127 (6.5)
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

U.S. Army Atmospheric Sciences Laboratory
White Sands Missile Range, NM 88002-5501
9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

U.S. Army Laboratory Command

Adelphi, MD 20783-1145 ASL-TMR-0013

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.
13. ABSTRACT (Mazxmum200vwordjs)

In support of White Sands Missile Range high energy laser operations for 20 August
1991, the U.S. Army Atmospheric Sciences Laboratory was tasked to calculate simulated
molecular absorption coefficient vertical profiles by using the U.S. Air Force Phillips
Laboratory Geophysics Directorate (formerly the U.S. Air Force Geophysics Laboratory)
transmittance and radiance program FASCOD2.

14. SUBJECT TERMS 15. NUMBER OF PAGES

21
absorption coefficient, optical depth, ground-to- 16. PRICE CODE
space transmittance, molecular spectroscop_

17. SECURITY CLASSIFICATION IS. SECURITY CLASSIFICATION 19. SECjRITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified | Unclassified | Unclassified SAR
NSN 7540-01-280-5500 1 Standard Form 298 (Rev 2-89)

P°,icr beo by ANSI Std 139.18
298 102



CONTENTS

LIST OF ILLUSTRATIONS ....................................................... 4

1. INTRODUCTION ............................................................. 5

2. METEOROLOGICAL DATA ..................................................... 5

3. VERTICAL PROFILES OF MOLECULAR ABSORPTION ............................ 5

4. CONCLUDING REMARKS ....................................................... 6

LITERATURE CITED ............................................................. 21

Acceslon For

NTIS CRA&I
DTIC TAB .
Unannounced Q
Justification ................

By
Distribution I

Availability Codes

1 Avail and /or
Dist Special

-° I

3



LIST OF ILLUSTRATIONS

Tables

1. DF Line Positions and Percentage of Total Power per Line ............ 6

2. Radiosonde Data used in FASCOD2 Calculations ........................ 7

3. Mid-Latitude Summer Model Data used in FASCOD2 Calculations ......... 8

4. Molecular Coefficients for 3.645, 3.679, and 3.715 pm ............... 9

5. Molecular Coefficients for 3.731, 3.752, and 3.764 Am ............... 10

6. Molecular Coefficients for 3.801, 3.837, and 3.854 pm ............... 11

7. Molecul. 3.927, and 3.966 pm ............... 12

8. Molecul Coefficients'fbr 3:984 and 4.022 pm ....................... 13

9. Average 6ad MIRACL Weighegd Abs4rption Coefficientsfor 41% roe'r........... .j......."....................................................... 14
fo 41% . . . . .. . .. . . . . . .. . . . .1

Figures ,. . . . . .

I. MIRACL Putput spactruw.?(r 41 ijrcent power ........................ 15

2. Atmosperic temper4ture 4rofill for 1.25 to 100 km................. 15
3. Atmiosplyic r~essue~pr.Fo4ile fJr 1.25 to 100 km .................... 16

4. Atmospheric relative humidity profile for 1.25 to 100 km ........... 16

5. Molecular coefficients for 3.645, 3.679, and 3.715 pm .............. 17

6. Molecular coefficients for 3.731, 3.752, and 3.764 pm .............. 17

7. Molecular coefficients for 3.801, 3.837, and 3.854 pm .............. 18

8. Molecular coefficients for 3.890, 3.927, and 3.966 Am .............. 18

9. Molecular coefficients for 3.984 and 4.022 pm ...................... 19

10. Averaged and weighted molecular absorption coefficient for
MIRACL power of 41 percent ............................................ 19

4



1. INTRODUCTION

Performance of the mid-infrared chemical laser (MIRACL) at the High Energy
Laser Systems Test Facility degrades somewhat because of thermal blooming that
result-s from molecular and aerosol absorption of beam energy. At the mid-
infrared directed frequency (DF) wavelengths studied in this report, molecular
continuum and line absorption are usually the most important absorption mecha-
nisms. The simulated molecular absorption coefficient vertical profiles
presented here are a follow up to earlier reports (Kantrowitz, 1991; O'Brien
et al., 1989). Profiles are calculated by using the U.S. Air Force Phillips
Laboratory Geophysics Directorate (formerly the U.S. Air Force Geophysics
Laboratory) transmittance and radiance program FASCOD2 and the high resolution
molecular database HITRAN (Kantrowitz, 1990; Clough et al., 1986; Smith et al.,
1981). Radiosonde data for the morning of 20 Aug 91 were input for a user-
supplied atmospheric profile in the lower atmosphere and the Phillips
Laboratory mid-latitude summer model was used in the upper atmosphere. Both
average and laser power-weighted profile p>ts were generated.

Output from FASCOD2 is given as the optical depth, which is a unitless quantity
that describes the degree of attenuation. The optical depth for a homogeneous
path or slant segment is given by

D(v) - k(p) x

where k(v) is the absorption coefficient, v is the frequency, and x is the path
length. It is convenient to be able to define a single power-weighted absorp-
tion coefficient to represent the fraction of the total laser power in a line.
The percentage of total power in each spectral line is displayed in table I and
figure l.* A more detailed description of the calculations used in the data
analysis is given in the 27 Feb 91 report.

2. METEOROLOGICAL DATA

A radiosonde was launched from the Small Missile Range at White Sands Missile
Range (WSMR), New Mexico, on the morning of 20 Aug 91. The instrument package
reached an altitude of 17.2 km. The temperature, pressure, and water-related
data (relative humidity and dew point) were measured to an altitude of approxi-
mately 10.3 km. Surface data and radiosonde data from 1.25 to 10.3 km were input
into FASCOD2. For altitudes greater than this, Phillips Laboratory mid-latitude
summer data were used (Anderson et al., 1986). Tables 2 and 3 and figures 2, 3,
and 4 show the sonde and model data. In these figures, the circles denote sonde
data and the triangles denote model data.

3. VERTICAL PROFILES OF MOLECULAR ABSORPTION

The molecular species considered are oxygen, water vapor, carbon dioxide,
methane, nitrous oxide, carbon monoxide, and ozone (Park et al., 1987). The
High Energy Laser (HEL) Propagation Handbook (1984) contains the vertical
profile information for the lowest 10 km for each of these atmospheric
constituents. The Phillips Laboratory mid-latitude summer model is in good

*Tables and figures are presented at the end of the text.
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agreement with the HEL handbook except for temperature, pressure and water
vapor content, all of which are quite variable. For these inputs to FASCOD2,
sonde data were applied. The major exception is the methane profile since WSMR
is located in a desert climate that produces lower than average methane concen-
trations. The user-supplied atmospheric profile adopted for the lower regions
of the atmosphere does mimic the HEL handbook profile, but uses the Phillips
Laboratory profile for the upper reaches of the atmosphere.

Tables 4 through 8 and figures 5 through 9 show molecular absorption coeffi-
cient profiles. Table 9 and figure 10 show averaged and laser power-weighted
absorption coefficient profiles.

5. CONCLUDING REMARKS

The simulated molecular absorption coefficient vertical profiles presented here
were calculated by using the Phillips Laboratory Geophysics Directorate trans-
mittance and radiance program FASCOD2. Radiosonde data for the morning
of 20 Aug 91 were input for a user-supplied atmospheric profile in the lower
atmosphere, and the Phillips Laboratory mid-latitude summer model was used in
the upper atmosphere. Both average and laser power-weighted profile plots were
generated.

MIRACL performance does appear to degrade somewhat because of molecular absorp-
tion of beam energy. At the mid-infrared DF wavelengths studied in this
report, molecular continuum and line absorption were found to be important
absorption mechanisms. Water vapor appears to be the strongest attenuator in
this spectral region.

TABLE 1. DF LINE POSITIONS AND PERCENTAGE OF TOTAL POWER PER LINE

Spectral Wavelength Percent Total Power

Line (microns) in Spectral Line

MIRACL Power at: 41%

P1(7) 3.645 10.8
P1(8) 3.679 19.2
P1(9) 3.715 9.5
P2(6) 3.731 3.5
P1(10) 3.752 1.5
P2(7) 3.764 11.8
P2(8) 3.801 12.9
P2(9) 3.837 3.2
P3(6) 3,854 12.2
P3(7) 3.890 8.8
P3(8) 3.927 4.5
P3(9) 3.966 0.3
P4(6) 3.984 1.0
P4(7) 4.022 0.7
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TABLE 2. RADIOSONDE DATA USED IN FASCOD2 CALCUIATIONS

Relative

Altitude Pressure Temperature Humidity
(km) (mbar) (K) (M)

1.250 880.000 291.15 85.86
1.500 857.000 293.85 63.35
1.750 833.000 293.15 62.78
2.000 810.000 292.05 64.21
2.250 786.000 290.65 64.76
2.750 741.000 287.25 64.31
3.250 699.000 283.45 71.31
3.750 658.000 280.50 73.24
4.250 619.000 277.75 60.64
4.750 582.000 274.64 50.29
5.250 547.000 270.99 57.59
5.750 513.000 267.63 78.51
6.250 482.000 264.94 67.27
6.750 452.000 262.15 56.28
7.250 423.000 258.75 60.85
7.750 396.000 255.05 79.33
8.250 370.000 252.35 74.10
8.750 346.000 248.25 69.93
9.250 323.000 244.75 71.14

9.750 301.000 241.25 70.33

10.300 280.000 237.55 68.02
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TABLE 3. MID-LATITUDE SUMMER MODEL DATA USED IN FASCOD2 CALCULATIONS

Relative
Altitude Pressure Temperature Humidity

(kin) (mbar) (K) (Z)

10.800 250.253 230.10 22.14
11.300 232.377 226.85 16.56
13.800 157.934 215.51 3.06
16.300 105.927 215.65 1.34
18.800 71.693 217.67 0.69
21.300 48.682 220.76 0.35
23.800 33.212 223.68 0.20
26.300 22.799 226.71 0.10
28.800 15.727 231.06 0.05
31.300 10.994 236.40 0.02
35.000 6.520 245.20 0.01
37.500 4.640 251.30 0.00
40.000 3.330 257.50 0.00
42.500 2.410 263.70 0.00
45.000 1.760 269.9 0.00
47.500 1.290 275.20 0.00
50.000 0.951 275.70 0.00
52.500 0.701 273.53 0.00
55.000 0.515 269.30 0.00
57.500 0.376 263.86 0.00
60.000 0.272 257.10 0.00
65.000 0.139 240.10 0.00
70.000 0.067 218.10 0.00
75.000 0.030 196.10 0.01
80.000 0.012 174.10 0.07
85.000 0.004 165.10 0.12
90.000 0.002 165.00 0.03
95.000 0.001 17o.30 0.00

100.000 0.000 190.50 0.00
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TABLE 4. MOLECULAR COEFFICIENITS FOR 3.645. 3.679, AND 3.715 "m

Molecular Absor~tion Coefficients
MINALT MAXALT 3.645 pm 3.679 pm 3.715 pm

0.000 0.250 0.3487000E-01 0.1037000E+00 0.3361000E-01
0.250 0.500 0.3099000E-01. 0.9358000E-01 0.2949000E-0l
0.500 0.750 0.2922000E-0l 0.8876000E-01 0.2787000E-01
0.750 1.000 0.2726000E-01 0.8311000E-0l 0.2607000E-01
1.000 1.500 0.2333000E-01 0.7513000E-0l 0.2249000E-0l
1.500 2.000 0.1847000E-0l 0.5289000E-01 0.1721000E-01.
2.000 2.500 0.1563000E-0l 0.4337000E-01 0.1470000E-01
2.500 3.000 0.1183000E-0l 0.3232000E-0l 0.1134000E-0l
3.000 3.500 0.7539000E-02 0.1817000E-01 0.7215000E-02
3.500 4.000 0.5762000E-02 0.1382000E-0l 0.5558000E-02
4.000 4.500 0.5503000E-02 0.1319000E-0l 0.5309000E-02
4.500 5.000 0.4737000E-02 0.1132000E-0l 0.4639000E-02
5.000 5.500 0.3055000E-02 0.6532000E-02 0.3047000E-02
5.500 6.000 0.2314000E-02 0.4902000E-02 0.2401000E-02
6.000 6.500 0.2056000E-02 0.4320000E-02 0.2169000E-02
6.500 7.000 0.1758000E-02 0.3658000E-02 0.1904000E-02
7.000 7.500 0.1199000E-02 0.2272000E-02 0.1313000E-02
7.500 8.000 0.9092000E-03 0.1680000E-02 0.1073000E-02
8.000 8.500 0.7216000E-03 0.1302000E-02 0.9092000E-03
8.500 9.000 0.5404000E-03 0.9080000E-03 0.6636000E-03
9.000 9.500 0.3708000E-03 0.5860000E-03 0.5192000E.-03
9.500 10.000 0.2666000E-03 0.3880000E-03 0.4256030E-03
10.000 12.500 0.2371000E-03 0.2800000E-03 0.2380000E-03
12.500 15.000 0.2180000E-03 0.1740000E-03 0.1009000E-03
15.000 17.500 0.2101000E-03 0.1068000E-03 0.3968000E-04
17.500 20.000 0.1701000E-03 0.6480000E-04 0.1784000E-04
20.000 22.500 0.1623000E-03 0.2960000E-04 0.5999000E-05
22.500 25.000 0.1189000E-03 0.1640000E-04 0.2763000E-05
25.000 27.500 0.1031000E-03 0.7600000E-05 0.1040000E-05
27.500 30.000 0.7508000E-04 0.4399000E-05 0.5186000E-06
30.000 33.750 0.5093000E-04 0.2400000E-05 0.2404000E-06
33.750 36.250 0.3304000E-04 0.1198000E-05 0.1192000E-06
36.250 38.750 0.2336000E-04 0.120400uE-05 0.8047000E-07
38.750 41.250 0.1636000E-04 0.3994000E-06 0.OOOOOOOE+00
41.250 43.750 0.1144000E-04 0.3994000E-06 0.OOOOOOOE+00
43.750 46.250 0.8041000E-05 0.3994000E-06 0.OOOOOOOE+00
46.250 48.750 0.5761000E-05 0.OOOOOOOE+00 0.0000000Ei00
48.750 51.250 0.4241000E-05 0.OOOOOOOE+00 0.OOOOOOOE+00
51.250 53.750 0.3159000E-05 0.OOOOOOOE+00 0.0000000E+00
53.750 56.250 0.2238000E-05 0.OOOOOOOE+00 0.OOOOOOOE+00
56.250 58.750 0.1723000E-05 0.OOOOOOOE+00 0.OOOOOOOE+00
58.750 63.750 0.1140000E-05 0.OOOOOOOE+00 0.OOOOOOOE+00
63.750 68.750 0.6199000E-06 0.OOOOOOOE+00 0.OOOOOOOE+00
68.750 73.750 0.2995000E-06 0.0000000E+00 0.0000000E+00
73.750 78.750 0.1401000E-06 0.OOOOOOOE+00 0.OOOOOOOEfOO
78. 750 83.750 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
83.750 88.750 0.OOOOOOOE+00 0.OOOOOO0E+00 0.OOOOOOOE+00
88.750 93.750 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
93.750 98. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
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TABLE 5. MOLECULAR COEFFICIENTS FOR 3.731. 3.752. AND 3.764 prn

Molecular Absorption Coefficients
MINALT MAXALT 3.731 Am 3.752 Am 3.764 pm

(kmn) (kmn) (kif 1 ) (kmn') (krn')

0.000 0.250 0.6464000E-0l 0.3682000E-01 O.4643000E-Ol
0.250 0.500 O.5796000E-01 0.3280000E-01 O.4149000E-Ol
0.500 0.750 O.5511000E-Ol 0.3103000E-O1 0.3929000E-O1
0.750 1.000 0.5183000E-01 0.2905000E-0l 0.3679000E-01
1.000 1.500 0.4498000E-0l 0.2526000E-01 0.3168000E-01
1.500 2.000 0.3300000E-01 0.1944000E-0l 0.2346000E-01
2.000 2.500 0.2847000E-0l 0.1669000E-01 0.2002000E-01
2.500 3.000 0.2205000E-0l 0.1304000E-0l 0.1532000E-0l
3.000 3.500 0.1300000E-01 0.8376000E-02 0.9238000E-02
3.500 4.000 0.1017000E-01 0.6720000E-02 0.7165000E-02
4.000 4.500 0.9822000E-02 0.6361000E-02 0.6842000E-02
4.500 5.000 0.8592000E-02 0.5578000E-02 0.5898000E-02
5.000 5.500 0.5262000E-02 0.3810000E-02 0.3640000E-02
5.500 6.000 0.4082000E-02 0.3104000E-02 0.2804000E-02
6.000 6.500 0.3670000E..02 0.2790000E-02 0.2488000E-02
6.500 7.000 0.3182000E-02 0.2456000E-02 0.2136000E-02
7.000 7.500 0.2022000E-02 0.1756000E-02 0.1388000E-02
7.500 8.000 0.1556000E-02 0.1463000E-02 0.1066000E-02
8.000 8.500 0.1242000E-02 0.1250000E-02 0.8480000E-03
8.500 9.000 0.8300000E-03 0.9300000E-03 0.5860000E-03
9.000 9.500 0.5500000E-03 0.7488000E-03 0.4000000E-03
9.500 10.000 0.3700000E-03 0.6118000E-03 0.2760000E-03

10.000 12.500 0.1812000E-03 0.3348000E-03 0.1492000E-03
12.500 15.000 0.7200000E-04 0.1384000E-03 0.6280000E-04
15.000 17.500 0.2680000E-04 0.5356000E-04 0.2520000E-04
17.500 20.000 0.1080000E-04 3,2232000E-04 0.1120000E-04
20.000 22.500 0.3600000E-05 0.7439000E-05 0.4399000E-05
22.500 25.000 0.1597000E-05 0.3162000E-05 0.2000000E-05
25.000 27.500 0.8047000E-06 0.1198000E-05 0.8017000E-06
27.500 30.000 0.OOOOOOOE+00 0.5603000E-06 0.3994000E-06
30.000 33.750 0.2662000E-06 0.2146000E-06 0.2662000E-06
33.750 36.250 0.OOOOOOOE+00 0.7749000E-07 0.OOOOOOOE+00
36.250 38.750 0.OOOOOOOE+00 0.4172000E-07 0.OOOOOOOE+00
38. 750 41.250 0. OOOOOOOE+00 0. OOOOOOOE+00 0.0000000OE+00
41.250 43.750 0.OOOOOOOE+00 0.3874000E-07 0.OOOOOOOE+00
43.750 46.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
46.250 48. 750 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
48.750 51.250 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
51.250 53. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
53. 750 56. 250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
56.250 58. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
58.750 63.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE-400
63.750 68.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE-*00
68.750 73. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE-.00
63.750 78.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE-400
78.750 83.750 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
83.750 88. 750 0.OOOOOOOE+00 0 .OOOOOOOE+00 0.OOOOOOOE+00
88. 750 93. 750 0. OOOOOOOE+00 0. OOOOOOOE+00 0. OOOOOOOE+00
93.750 98. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
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TABLE 6. MOLECULAR COEFFICIENTS FOR 3.801. 3.837. AND 3.854 umn

Molecular Absorption Coefficients

MINALT MAXALT 3.801 p~m 3.837 pm 3.854 pm
(kmn) (kmn) (km'-) (kin') (km-1)

0.000 0.250 0.2549000E-Oi 0.2655000E+00 0.3020000E-01
0.250 0.500 0.2257000E-01 0.2408000E+00 0.2715000E-01
0.500 0.750 0.2115000E-01 0.2291000E+00 0.2561000E-0l
0.750 1.000 0.1959000E-01 0.2>1000iZ+00 0.2393000E-01
1.000 1.500 0.1657000E-0I 0.1850000E+00 0.2088000E-01
1.500 2.000 0.1334000E-01 0.1478000E+00 0.1722000E-01
2.000 2.500 0.L111SOOOE-01 0.1259000E+00 0.1482000E-01
2.500 3.000 0.8411000E-02 0.9604000E-01 0.1187000E-01
3.000 3.500 0.5701000E-02 0.5944000E-0l 0.9066000E-02
3.500 4.000 0.4421000E-02 0.4527000E-01 0.7548000E-02
4.000 4.500 0.4128000E-02 0.4348000E-01 0.6979000E-02
4.500 5.000 0.3544000E-02 0.3749000E-01 0.6159000E-02
5.000 5.500 0.2539000E-02 0.2293000E-01 0.5187000E-02
5.500 6.000 0.2016000E-02 0.1705000E-01 0.4431000E-02
6.000 6.500 0.1793D00E-02 0.1507000E-01 0.3971000E-02
6.500 7.000 0.1557000E-02 0.1272000E-01 0.3493000E-02
7.000 7.500 0.1207000E-02 0.7796000E-02 0.3175000E-02
7.500 8.000 0.9948000E-03 0.5524000E-02 0.2753000E-02
8.000 8.500 0.8502000E-03 0.4086000E-02 0.2407000E-02
8.500 9.000 0.6926000E-03 0.2548000E-02 0.2290000E-02
9.000 9.500 0.5636000E-03 0.1292000E-02 0.1921000E-02
9.500 10.000 0.4714000E-03 0.5620000E-03 0.1591000E-02

10.000 12.500 0.2982000E-03 0.2704000E-03 0.1302000E-02
12.500 15.000 0.1421000E-03 0.1168000E-03 0.8167000E-03
15.000 17.500 0.6168000E-04 0.5162000E-04 0.45190O0E-03
17.500 20.000 0.2976000E-04 0.2320000E-04 0.2107000E-03
20.000 22.500 0.1212000E-04 0.9990000E-05 0.8264000E-04
22.500 25.000 0.6518000E-05 0.5198000E-OS 0.4388000E-04
25.000 27.500 0.2360000E-05 0.1597000E-0S 0.2024000E-04
27.500 30.000 0.1201000E-05 0.1216000E-0S 0.l124000E-04
30.000 33.750 0.5066000E-06 0.2543000E-06 0.5148000E-05
33.750 36.250 0.1997000E-06 0.4053000E-06 0.2319000E-05
36.250 38.750 0.8047000E-07 0.OOOOOOOE+00 0.1240000E-05
38.750 41.250 0.3874000E-07 0.OOOOOOOE+00 0.6407000E-06
41.250 43.750 0.4172000E-07 0.OOOOOOOE+00 0.3874000E-07
43.750 46.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.4172000E-07
46.250 48.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
48. 750 51. 250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
51.250 53.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
53.750 56. 250 0.OOOCOOOE+00 0.OOOOOOOE+00 0.OOOOOOOF+00
56.250 58. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
58.750 63.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
63.750 68.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE÷00
68.750 73. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OnOOOOOOE+00
73.750 78.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
78. 750 83. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
83. 750 88. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
88. 750 93. 750 0. OOOOOOOE-.00 0. OOOOOOOE÷00 0. QOOOOOOE-i00
93.750 98. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00



TABLE 7. MOLECULAR COEFFICIENTS FOR 3.890, 3.927, AND 3.966 umn

Molecular Absorption Coefficients

MINALT MAXALT 3.890 Am 3.927 pin 3.966 pm
(kmn) (kmn) (km-1) (km- 1 ) (km- 1 )

0.000 0.250 0.4984000E-01 0.3903000E-01 0.3078000E-01
0.250 0.500 0.4589000E..01 0.3566000E-01 0.2766000E-01
0.500 0.750 0.4380000E-01 0.3392000E-01 0.2604000E-01
0.750 1.000 0.4159000E-0l 0.32030O0E-0l 0.2436000E-Ol
1.000 1.500 0.3766000E-01 0.2881000E-0l 0.2139000E-01
1.500 2.000 0.3145000E-0l 0.2405000E-0l 0.1810000E-01
2.000 2.500 0.2842000E-01 0.2149000E-01 0.1571000E-01
2.500 3.000 0.2475000E-0l 0.1840000E-01 0.1289000E-01
3.000 3.500 0.1926000E-0l 0.1433000E-01 0.1018000E-0l
3.500 4.000 0.1738000E-0I 0.1270000E-01 0.8648000E-02
4.000 4.500 0.1655000E-0l 0.1194000E-0l 0.7887000E-02
4.500 5.000 0.1540000E-01 0.1093000E-01 0.6962000E-02
5.000 5.500 0.1222000E-01 0.8724000E-02 0.5764000E-02
5.500 6.000 0.1124000E-01 0.7862000E-02 0.4961000E-02
6.000 6.500 0.1062000E-0l 0.7294000E-02 0.4438000E-02
6.500 7.000 0.9964000E-02 0.6720000E-02 0.3930000E-02
7.000 7.500 0.7880000E-02 0.5402000E-02 0.3362000E-02
7.500 8.000 0.7348000E-02 0.4942000E-02 0.2942000E-02
8.000 8.500 0.6864000E-02 0.4524000E-02 0.2588000E-02
8.500 9.000 0.5398000E-02 0.3670000E-02 0.2266000E-02
9.000 9.500 0.4976000E-02 0.3300000E-02 0.1946000E-02
9.500 10.000 0.4578000E-02 0.2964000E-02 0.1657000E-02
10.000 12.500 0.2622000E-02 0.1721000E-02 0.1132000E-02
12.500 15.000 0.1124000E-02 0.7584000E-03 0.5493000E-03
15.000 17.500 0.4016000E-03 0.2896000E-03 0.2458000E-03
17.500 20.000 0.1436000E-03 0.1156000E-03 0.1102000E-03
20.000 22.500 0.4200000E-04 0.3920000E-04 0.4800000E-04
22.500 25.000 0.1960000E-04 0.1680000E-04 0.2160000E-04
25.000 27.500 0.5603000E-05 0.6801000E-05 0.1000000E-04
27.500 30.000 0.2396000E-05 0.3201000E-05 0.4399000E-05
30.000 33.750 0.1069000E-05 0.1069000E-05 0.1866000E-05
33.750 36.250 0.OOOOOOOE+00 0.3994000E-06 0.8017000E-06
36.250 38.750 0.3994000E-06 0.3994000E-06 0.OOOOOOOE+00
38.750 41.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.3994000E-06
41.250 43.750 0.OOOOOOOE+00 0.OOOOOOOE+0O 0.0OOOOOOE-.00
43.750 46.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0. OOOOOOOEi-00
46.250 48.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0. OOOOOOOE+00
48. 750 51.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
51. 250 53.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
53.750 56.250 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
56.250 58. 750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
58.750 63.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
63.750 68.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
68.750 73.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
73.750 78.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.OOOOOOOE+00
78.750 83.750 0. OOOOOOOE+00 0.OOOOOOOE+00 0. OOOOOOOE+00
83.750 88. 750 0. OOOOOOOE+00 0. OOOOOOOE+00 0.OOOOOOOE+00
88.750 93.750 0. OOOOOOOE+00 0.OOOOOOOE+00 0.000000GE-+00
93.750 98.750 0.OOOOOOOE+00 0.OOOOOOOE+00 0.0000000E400
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TABLE S. MOLECULAR COEFFICIENTS FOR 3.984 AND 4.022 MRn

Molecular Absorption Coefficients.
MINALT MAXALT 3.984 pm 4.022 Aim

0.000 0.250 0.3341000E-0l 0.5097000E-0I
0.250 0.500 0.3008000E-01 0.4668000E-01
0.500 0.750 O.2832000E-O1 0.4416000E-01
0.750 1.000 0.2651000E-01 0.4154000E-01
1.000 1.500 0.2340000E-0l 0.3725000E-0l
1.500 2.000 0.2004000E-01 0.3243000E-01
2.000 2.500 0.1746000E-01 0.2871000E-01
2.500 3.000 0.1444000E-01 0.2454000E-01
3.000 3.500 0.1160000E-01 0.2054000E-01
3.500 4.000 0.9914000E-02 0.1805000E-01
4.000 4.500 0.9060000E-02 0.1654000E-01
4.500 5.000 0.8011000E-02 0.1485000E-01
5.000 5.500 0.6747000E-02 0.1281000E-01
5.500 6.000 0.5818000E-02 0.1138000E-01
6.000 6.500 0,5178000E-02 0.1030000E-01
6.500 7.000 0,4587000E-02 0.9274000E-02
7.000 7.500 O.4046000E-02 0.8082000E-02
7.500 8.000 0.3539000E-02 0.7240000E-02
8.000 8.500 0.3078000E-02 0.6486000E-02
8.500 9.000 0.2782000E-02 0.5622000E-02
9.000 9.500 0.2402000E-02 0.4932000E-02
9.500 10.000 0.2036000E-02 0.4276000E-02
10.000 12.500 0.1416000E-02 0.2795000E-02
12.500 15.000 0.6920000E-03 0.1319000E-02
15.000 17.500 0.3136000E-03 0.5696000E-03
17.500 20.000 0.1416000E-03 0.2464000E-03
20.000 22.500 0.6280000E-04 0.1044000E-03
22.500 25.000 0.2920000E-04 0.4760000E-04
25.000 27.500 0.1280000E-04 0.2080000E-04
27.500 30.000 0.6399000E-05 0.LOOOOOOE-04
30.000 33.750 0.2400000E-05 0.3731000E-05
33.750 36.250 0.8017000E-06 0.1597000E-05
36.250 38.750 0,3994000E-06 0.4053000E-06
38.750 41.250 0.3994000E-06 0.3994000E-06
41.250 43.750 0.OOOOOOOE400 0.OOOOOOOE+00
43.750 46.250 0.0000000E4-00 0.3994000E-06
46.250 48.750 0.OOOOOOOE+O0 0.OOOOOOOEi00
48.750 51.250 0.OOOOOOOE+00 0.OOOOOOOEfOO
51.250 53. 750 O.OOOOOOOE+O0 0.OOOOOOOE+00
53.750 56.250 O.OOOOOOOE+00 0.OOOOOOOE-+00
56.250 58.750 0.OOOOOOOE+00 0.OOOOOOOE+00
58. 750 63. 750 0.OOOOOOOE+O0 0.OOOOOOOE+00
63.750 68.750 0.OOOOOOOE+00 0.OOOOOOOE+00
68.750 73.750 0.OOOOOOOE+00 0.OOOOOOOE+00
73.750 78. 750 0.OOOOOOOE+0O O.OOOOOOOE+00
78.750 83.750 0.OOOOOOOE+00 0.OOOOOOOE+00
83.750 88.750 O.OOOOOOOE+0O O.OOOOOOOE+O0
88. 750 93. 750 O.OOOOOOOE+00 0.OOOOOOOE+00
93.750 98.750 0.OOOOOOOE+00 0.OOOOOOOE+00
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TABLE 9. AVERAGE AND MIRACL WEIGHTED ABSORPTION COEFFICIENTS FOR 41% POWER

MINALT MAXALT Average MIRACL

(kin) (kin) (kin-) (kinl)

0.000 0.250 0.6037786E-01 0.5756655E-01

0.250 0.500 0.5448572E-01 0.5181757E-01

0.500 0.750 0.5167001E-01 0.4910882E-01

0.750 1.000 0.4848286E-01 0.4603067E-01
1.000 1.500 0.4241643E-01 0.4054188E-01

1.500 2.000 0.3349286E-01 0.3088529E-01

2.000 2.500 0.2875286E-01 0.2618944E-01

2.500 3.000 0.2266007E-01 0.2030326E-01

3.000 3.500 0.1526107E-01 0.1303305E-01

3.500 4.000 0.1236614E-01 0.1039788E-01

4.000 4.500 0.1168507E-01 0.9876581E-02

4.500 5.000 0.1029357E-01 0.8666070E-02

5.000 5.500 0.7304786E-02 0.5880610E-02

5.500 6.000 0.6026072E-02 0.4781570E-02

6.000 6.500 0,5439786E-02 0.4318981E-02

6.500 7.000 0.4809928E-02 0.3809410E-02

7.000 7.500 0.3635714E-02 0.2787620E-02

7.500 8.000 0.3073571E-02 0.2329787E-02

8,000 8.500 0.2654000E-02 0.2002165E-02

8.500 9.000 0.2123329E-02 0.1572307E-02

9.000 9.500 0.1750529E-02 0.1278767E-02

9.500 10.000 0.1462386E-02 0.1062968E-02

10.000 12.500 0.9269215E-03 0.6821430E-03

12.500 15.000 0.4488858E-03 0.3510610E-03

15.000 17.500 0.2033957E-03 0.1726536E-03

17.500 20.000 0.9415143E-04 0.8613460E-04

20.000 22.500 0.4389193E-04 0.4346610E-04

22.500 25.000 0.2394414E-04 0.2612174E-04

25.000 27.500 0.1391039E-04 0.1675576E-04

27.500 30.000 0.8643522E-05 0.1112530E-04

30.000 33.750 0.5025808E-05 0.6927972E-05

33.750 36.250 0.2925606E-05 0.4172684E-05

36.250 38.750 0.1972154E-05 0.2984091E-05

38.750 41.250 0.1331217E-05 0.1934835E-05

41.250 43.750 0.8541857E-06 0.1322370E-05

43.750 46.250 0.6343943E-06 0.9529650E-06

46.250 48.750 0.4115000E-06 0.6222000E-06

48.750 51.250 0.3029286E-06 0,4580000E-06

51.250 53.750 0.2256429E-06 0.341200OE-06

53.750 56.250 0.1598571E-06 0.2417000E-06

56.250 58.750 0.1230714E-06 0.1860000E-06

58.750 63.750 0.8142857E-07 0.1231000E-06

63.750 68.750 0.4427857E-07 0.6695000E-07

68.750 73.750 0.2139286E-07 0.3235000E-07

73.750 78.750 0.1000714E-07 0.151300OE-07

78.750 83.750 0.OOOOOOOE+00 O.O000000E+00

83.750 88.750 O.O000000E+00 O.O000000E+00

88.750 93.750 O.O000000E+00 O.O000000E+00

93.750 98.750 O.O000000E+00 0.O000000E+00
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Figure 1. MIRACL output spectrum for 41 percent power.

100 , ,90
£Z

40 -

20

10 - o o 4o o o

90 200 210 220 230 240 260 260 270 290 2W 300

0¶0 @00.. @0 @0.

Figure 2. Atmospheric temperature profile for 1.25 to 100 km.
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Figure 3. Atmospheric pressure profile for 1.25 to 100 km.
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Figure 4. Atmospheric relative humidity profile for 1.25 to 100 km.
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